Aim: A discussion of key considerations related to selecting instruments and tools for evaluating healthcare professionals' evidence-based practice (EBP) competencies.
and unwanted variations of healthcare services (McGinty & Anderson, 2008; Melnyk, Fineout-Overholt, Gallagher-Ford, & Kaplan, 2012; Melnyk, Fineout-Overholt, Stillwell, & Williamson, 2010; Melnyk et al., 2018b) . However, integration of EBP into the daily practice of healthcare professionals has been challenging (Gifford, Davies, Edwards, Griffin, & Lybanon, 2007; Melnyk et al., 2018a; Wilkinson, Nutley, & Davies, 2011) due to multifaceted reasons, including insufficient EBP competencies and confusion and uncertainty about the type of EBP competencies healthcare professionals should meet and exactly how they should be measured. These challenges impede healthcare organizations from delivering highest-quality, evidence-based healthcare and attaining best patient outcomes.
As a result, despite organizational leaders' and patients' expectations that EBP should be standard practice in daily healthcare delivery, the majority of clinicians do not engage in EBP on a consistent basis (McGinty & Anderson, 2008; Melnyk et al., 2012 Melnyk et al., , 2016 Melnyk et al., , 2018a Saunders, Stevens, & Vehviläinen-Julkunen, 2016a; Wallen et al., 2010) . Far too many healthcare professionals still continue to deliver healthcare services to patients based on tradition, outdated routines and practices and expired information learned years before in their educational programmes. Furthermore, healthcare organizations and educational institutions often have little idea of the EBP competency level of their healthcare employees and students, as they are unclear about the type of EBP competencies their employees and students should meet and how those EBP competencies should be measured.
The findings from several recent systematic and integrative reviews on EBP competencies of healthcare professionals from different health disciplines indicate that the EBP competencies of healthcare professionals internationally are at a low to moderate level (Condon, McGrane, Mockler, & Stokes, 2016 ; Mota da Silva, Da Cunha Menezes Costa, Narciso Garcia, & Oliveira Pena Costa, 2015; Saunders & Vehviläinen-Julkunen, 2015 ; Scurlock-Evans, Upton, Stephens, Williams, & Scurlock-Evans, 2014) . Therefore, it is essential that efforts to improve and accurately measure the EBP competencies of healthcare professionals are increased, before healthcare professionals can realistically be expected to consistently implement EBP in their daily practice. This substantial chasm between the low level of EBP competencies among large groups of healthcare professionals impeding their engagement in EBP and the priority goals of healthcare organizations to improve care quality and clinical outcomes via systematic EBP implementation, is precisely the gap that requires urgent action from healthcare organization leaders worldwide.
| Background
The outlining and measurement of nurses' knowledge, skills and attitudes, i.e., competencies needed for successfully performing key clinical patient care tasks has been a standard practice for years in many healthcare organizations (Melnyk et al., 2014; Stevens, 2009 ).
These clinical competencies have been essential in establishing a mechanism to measure clinical performance, to guide and support
Why is this research or review needed?
• Adoption and measurement of evidence-based practice (EBP) competencies help organizations clarify performance expectations and guide professional practice for integration of best evidence into clinical decision-making, thus promoting the attainment of improved care quality and patient outcomes via consistent implementation of EBP in daily care delivery.
• Some healthcare disciplines including nursing have a long tradition of measuring perceived EBP competencies via selfassessments, although directly measurable constructs, such as EBP knowledge and skills, should be evaluated through more objective measures of actual performance, to ensure measurement as accurately as possible.
• There is an urgent need to evaluate validated instruments of actual EBP competencies from other healthcare disciplines for possible modification, validation and use in nursing, to move towards more objectively and accurately measuring EBP competencies of nurses.
What are the key findings?
• Validated, objective EBP competency instruments based on measurement of actual performance are currently available in medicine and have already been modified for use in physical and occupational therapy. However, work for their modification and use in nursing has only recently began, despite a growing evidence base showing poor accuracy of self-rated instruments in assessing directly measurable constructs, such as EBP knowledge and skills.
• Most of EBP competency sets and instruments used in nursing measure perceived EBP competencies via self-assessments in a single EBP competency domain, such as evidence-based knowledge, instead of simultaneously measuring several domains of actual EBP competencies required for completing the steps of the EBP implementation process.
How should the findings be used to influence policy/practice/research/education?
• As EBP is a shared competency and the steps of implementing EBP are universal, validated instruments for evaluating actual EBP competencies of clinicians across healthcare disciplines should urgently be developed.
• In addition, validated instruments that simultaneously assess several actual, i.e., performance-based EBP competency domains required of clinicians for successfully completing the steps of the EBP implementation process should be developed and validated for use across healthcare disciplines.
clinicians in their daily practice, and to counteract the uncertainty, confusion and lack of clarity about the clinical performance expectations related to key clinical work functions that practicing healthcare professionals in real-world healthcare settings should meet (Dunn et al., 2000; Melnyk et al., 2014) . However, measurement of nurses' EBP competencies at clinical settings, i.e., evaluation of the critically important issue of whether nurses' decision-making related to patient care is evidence-based or opinion-and tradition-based, is still limited and currently impedes healthcare organizations from delivering highest-quality, evidence-based healthcare via consistent, broadbased EBP implementation.
| Frameworks and approaches for assessing healthcare professionals' EBP competencies
The idea that it is important for healthcare professionals to develop a sufficient level of EBP competency is not new, similarly to the concept of EBP itself (DiCenso, Cullum, & Ciliska, 1998; Sackett, Rosenberg, Gray, Haynes, & Richardson, 1996) . Over a dozen years ago, the first Sicily statement (Dawes et al., 2005) on recommendations for EBP education outlined that it is a minimum requirement for all healthcare professionals to understand and implement the principles and process of EBP. To develop competency in EBP, healthcare professionals and students should advance their abilities in all domains of EBP competence, i.e., knowledge, skills, attitudes/beliefs and EBP implementation/behaviours, required to implement the steps of the EBP process (i.e., asking, searching for, critically appraising, integrating and evaluating best evidence). In addition, the second Sicily statement (Tilson et al., 2011 ) introduced a classification rubric for EBP competency assessment tools in education (CREATE) which outlined the categories for EBP competency assessment and guidance and recommendations on the types of assessments to use for evaluating the EBP competencies (Ilic, Nordin, Glasziou, Tilson, & Villanueva, 2014) . The EBP competency assessment categories included reaction to educational experience, attitudes, self-efficacy, knowledge, skills, behaviours and benefit to patients, while the types of assessments consisted of self-reports, cognitive tests, performance assessments, activity monitoring and patient outcomes. The second Sicily statement also outlined that all healthcare students should learn the steps of the EBP implementation process, whereas practicing healthcare professionals, depending on their primary role and the clinical context, should also master additional EBP skills, such as how to integrate evidence summaries into clinical practice.
While achieving consistent, broad-based EBP implementation among healthcare professionals in daily practice is important for healthcare organizations in the attainment of their priority organizational goals, it is essential to also consider the individual needs and preferences of the healthcare professionals about advancing their EBP competencies (Ilic, 2009; Tilson et al., 2011) . Instead of developing expertise in all the steps of the EBP implementation process, many individual clinicians may prefer attaining a high level of EBP competence related only to some of the steps of EBP implementation process. For example, busy clinicians whose focus is on applying translated, i.e., pre-appraised best evidence to their daily practice, might not be interested in spending time on completing critical appraisals of best evidence, i.e., performing step 3 of the EBP implementation process (Ilic, 2009) . The chasm of divergent priorities related to EBP competence between individual clinicians and healthcare organizations has led to the development of several frameworks to help guide the measurement and evaluation of healthcare professionals' EBP competence. These frameworks include a conceptual framework for evaluating the teaching of evidence-based medicine (Straus, Richardson, Glasziou, & Haynes, 2005) , the CREATE framework for EBP competency assessment tools in education (Tilson et al., 2011) and the general competency frameworks focusing on the foundational principles (e.g., safety, quality and EBP) of professional nursing practice by the (American Association of Colleges of Nursing (AACN, 2008) and Quality and Safety Education for Nurses (QSEN, 2007) . More recently, Leung, Trevena, and Waters (2016) have developed a competency framework specifically for evaluating nurses' EBP knowledge and skills, which has helped outline some EBP competency criteria for nurses. However, much uncertainty remains about the specific levels of EBP competence required for nurses and exactly how they should be measured.
Interestingly, the approaches taken by the various healthcare disciplines to address the recommendations outlined in both Sicily statements (Dawes et al., 2005; Tilson et al., 2011) Scurlock-Evans et al., 2014; Wonder, Spurlock, Lancaster, & Gainey, 2017) . Using self-assessments to measure EBP competencies may result in more socially acceptable responses and in overestimation of some directly measurable EBP competencies such as EBP knowledge and skills, for which more objective measures are available. In addition, recall bias may also affect healthcare professionals by placing them at risk to believing that their baseline EBP knowledge or skills were much poorer than what they actually were, resulting in overestimation of the perceived improvement after an intervention promoting their EBP competencies (Ilic, 2009 professionals' perceptions, such as self-efficacy or attitudes toward EBP with self-assessments, other directly measurable EBP competencies such as EBP knowledge and skills, should be evaluated through more objective measures of actual performance (Ilic et al., 2014; Saunders, Vehviläinen-Julkunen, & Stevens, 2016b; Tilson et al., 2011; Wonder et al., 2017) . Therefore, in healthcare disciplines which traditionally have measured perceived EBP competencies through use of self-assessment instruments, such as nursing, physical therapy and occupational therapy (Condon et al., 2016; Saunders & Vehviläinen-Julkunen, 2015; Scurlock-Evans et al., 2014; , it is crucially important to measure healthcare professionals' EBP competencies as accurately as possible. This means moving towards using more objective measures of actual performance when evaluating healthcare professionals' EBP competencies, and modifying and validating existing measures of EBP competency based on actual performance for use in other healthcare disciplines.
As part of the tradition of developing self-assessment instruments to measure nurses' EBP competencies, Melnyk et al. (2014) and Stevens (2009) depending on the level of nursing education (i.e., Associate, Baccalaureate, Master's and Doctoral level). Although both of these EP competency sets are based on nurses' self-assessments, using the expertly developed and validated sets of EBP competencies in daily practice is important because they give a pragmatic quality standard for nurse clinicians to aspire to and attain related to EBP. Such EBP competency sets are central to professional practice because they enable nurses to develop expertise for making clinical decisions grounded on best available evidence and integrating it into their daily practice. The standardized EBP competencies thus promote the achievement of improved care quality and patient outcomes via broad-based, consistent implementation of EBP in the delivery of healthcare services.
| The EBP implementation process
The EBP implementation process involves from five (Straus, Glasziou, Richardson, & Haynes, 2011) to seven (Melnyk et al., 2014) These are illustrated in Table 1 .
| AIM
The primary aim of this paper was to discuss some key considerations for selecting instruments or tools for measuring the actual, i.e., performance-based EBP competencies of healthcare professionals.
T A B L E 1 Steps of the EBP implementation process (Melnyk et al., 2014) , the primary domains of EBP competence required in each step, and types of competency assessment recommended per step (modified from Tilson et al., 2011) Steps of the EBP Implementation process 
| ME TH OD
The topic of selecting instruments for measuring the actual EBP competencies of healthcare professionals was approached from the perspective of practicing healthcare professionals from any healthcare discipline, including (but not limited to) the field of nursing. A discussion paper format was selected because the authors wanted to highlight an important methodological issue affecting nursing research practice and the quality of research findings: the long tradition in nursing research of evaluating directly measurable, complex constructs via self-assessments. A growing body of research evidence shows that directly measurable, complex constructs such as the EBP competency domains of EBP knowledge and skills should be evaluated through more objective measures of actual performance, instead of assessing perceived, i.e., self-rated competencies, to ensure a measurement that is as accurate as possible.
| DATA SOURCES
As a discussion paper is not intended to be a systematic review, a systematic search strategy is not required. This discussion paper is based on our own experiences and supported by theory and litera- They concluded that competence evaluations may need to focus more on external assessments, i.e., measures based on actual performance. In a systematic review on instruments for evaluating medical students' and trainees' education on EBP, Shaneyfelt et al. (2006) identified 104 instruments for evaluating EBP competencies, the majority of which primarily focused on only one step of the EBP implementation process. The single step that EBP competency evaluations most often concentrated on was step 3, i.e., critically appraising evidence. Shaneyfelt et al. (2006) concluded that only two validated instruments, the Fresno (Ramos, Schafer, & Tracz, 2003) and Berlin (Fritsche, Greenhalgh, Fack-Ytter, Neumayer, & Kuz, 2002) 
| Validated tools for assessing actual EBP competencies of healthcare professionals
Few researchers to date have developed instruments to more objectively measure the actual, i.e., performance-based EBP competencies of medical practitioners and trainees, or to modify them for use in occupational and physical therapy (Fritsche et al., 2002; Ilic et al., 2014; McCluskey & Bishop, 2009; Ramos et al., 2003; Tilson, 2010) .
Although some of these more objective instruments for assessing EBP competencies simultaneously measure EBP competencies across several steps of the EBP implementation process, only one, the Fresno assessment tool (Ramos et al., 2003) , has very recently been evaluated and modified for use in nursing (Halm, 2018; LaibhenParkes et al., 2018) . Therefore, there is an urgent need for nursing research to evaluate, modify and validate these tools for possible use in measuring the actual EBP competencies of nurses, instead of continuing to measure nurses' EBP competencies via self-assessments.
The validated Berlin assessment tool (Fritsche et al., 2002) (Ilic et al., 2014) . In addition, the Berlin and Fresno assessment instruments are the only two instruments that simultaneously evaluate two different EBP domains, i.e., EBP knowledge and EBP skills, based on actual performance (Tilson et al., 2011) . However, as both the Berlin and Fresno assessment tools primarily focus on evaluating the systematic search and critical appraisal skills of clinicians, it is important to take into account the individual EBP practice needs of the clinicians when selecting the instruments for evaluating their EBP competencies in practice. For example, assessment of the performance-based EBP competencies of busy clinicians who are only interested in applying summarized best evidence to their daily practice, should be assessed using instruments that measure their knowledge of how to conduct a critical appraisal and skills for applying pre-appraised evidence to practice (Tilson et al., 2011) .
In addition, the Assessing Competency in Evidence-Based Medicine (ACE) instrument (Ilic et al., 2014) was developed to more objectively measure medical trainees' actual EBP knowledge, skills, attitudes and implementation through 15 'yes' 'no' questions, which are based on one clinical scenario, a search strategy for a randomized controlled trial (RCT) and a hypothetical article abstract (Ilic et al., 2014) . Similarly to the Fresno assessment tool, the validated ACE instrument simultaneously measures medical trainees' EBP competencies across the first four steps of the EBP implementation process (i.e., Ask, Access, Appraise, & Apply). Taking approximately 13 minutes on average to complete, the ACE tool is quick and thus practical to use at busy clinical practice settings (Ilic et al., 2014) . The ACE instrument is the first EBP competency evaluation instrument for simultaneously assessing users' four domains of EBP competencies (i.e., EBP knowledge, skills, attitudes and implementation) across four of the five steps of the EBP implementation process (Ilic et al., 2014) . In addition, the ACE instrument uses a dichotomous (i.e., yesno) outcome measure, which does not require judgment or interpretation from the evaluator, in contrast with assessment tools that use formats with open-ended or multiple-choice questions (Ilic et al., 2014; Shaneyfelt et al., 2006) . However, to date the ACE instrument has only been validated for use with medical trainees and has not been modified for use in healthcare disciplines other than medicine (Ilic et al., 2014) . Furthermore, similarly to the Fresno assessment tool, the ACE assessment tool does not readily permit repeated use on the same cohort of participants, as both tools contain only 1-2 clinical scenarios. Therefore, it is important that future versions of both of these evaluation instruments for healthcare professionals' EBP competencies will include alternate clinical scenarios to minimize the potential impact of recall bias on healthcare professionals' test results. Table 2 summarizes the steps of the EBP implementation process covered by the selected validated EBP competency assessment tools measuring the actual, i.e., performance-based EBP competencies of healthcare professionals.
Although some nurse scientists (Spurlock & Wonder, 2015; Stevens, 2009 ) have developed validated instruments to measure an important domain of a comprehensive EBP competency assessment, i.e., nurses' actual EBP knowledge, it is also important to recognize that both of these EBP knowledge tests nevertheless focus on evaluating only one domain of EBP competency. Therefore, nurses' EBP knowledge measured by these instruments should not be equated with nurses' skills or abilities to implement EBP. The 15 MC-question EBP knowledge test of the Evidence-Based Readiness Inventory (ERI, Stevens, 2009 ) was developed based on the national consensus EBP competency statements in nursing, using the Stevens Star
Model of Knowledge Transformation© as its framework (Stevens, 2004) . The ERI also includes 20 self-rated, Likert-style EBP competency statements. Another EBP competency assessment tool evaluating nurses' actual EBP knowledge is the Evidence-Based Practice Knowledge Assessment in Nursing (EKAN, Spurlock & Wonder, 2015) , which is a 20 MC-question knowledge test designed to measure nurses' actual EBP knowledge from domains specified in the AACN (2008) and QSEN (2007) competency frameworks (Wonder et al., 2017) . Both EBP knowledge tests use a simple scoring method (correct-incorrect). The results of a recent study comparing the EBP knowledge levels of RNs working at Magnet ® hospitals (Wonder et al., 2017) measured by the EKAN and the EBPQ (Upton & Upton, 2006) showed that nurses' self-reported EBPQ scores were not significantly correlated with more objectively measured EBP knowledge via the EKAN (Wonder et al., 2017) . However, the findings of a systematic review summarizing the self-rated instruments for evaluating nurses' EBP competencies (Leung et al., 2014) (Simpson et al., 2008) . Moreover, several modifications of the OSCE to specifically measure the EBP competencies of healthcare professionals have been developed primarily in medicine, although few of these modifications simultaneously assess the 4 steps of the EBP implementation process and none use validated instruments to evaluate medical students' EBP competence (Fliegel, Frohna, & Mangrulkar, 2002; Frohna, Gruppen, Fliegel, & Mangrulkar, 2006; Tudiver, Rose, Banks, & Pfortmiller, 2009 ). However, these modifications of OSCE exams for use in EBP competency measurement have not been modified for use in healthcare disciplines other than medicine. In addition, EBP interactive computer games (Davidson & Candy, 2016; Mick, 2016) have been designed and used in teaching EBP through game-based learning in recent years to help advance healthcare professionals' EBP competencies, but similarly to the OSCE exams, most of the interactive computer games focus on only one step of the EBP implementation process and most of the games do not incorporate validated instruments to measure the performance-based EBP competencies of healthcare professionals.
| Implications for nursing
Although systematic implementation of EBP is well-known to improve care quality and patient outcomes, several studies have
shown that the majority of nurses and other healthcare professionals do not consistently engage in EBP in their daily practice. Reasons for this include healthcare professionals' limited EBP competencies, as indicated by the results of several recent systematic reviews, where nurses and other healthcare professionals rated their own EBP knowledge and skills to be at a level insufficient for integrating best evidence into daily practice (Condon et al., 2016; Saunders & Vehviläinen-Julkunen, 2015; Scurlock-Evans et al., 2014; Upton et al., 2014) . Therefore, to increase systematic implementation of EBP in daily practice, the first priority of organizational leaders should be to strengthen nurses' and other healthcare professionals' EBP knowledge and skills, i.e., advance precisely those EBP competencies that should be evaluated by more objective instruments measuring healthcare professionals' actual, or performance-based EBP competencies. Using validated instruments to more objectively and accurately evaluate nurses' and other healthcare professionals' actual EBP competencies also provides key measurements for establishing competency standards for healthcare professionals to attain, which then can be used as standards against which to measure their level of performance in implementing EBP, i.e., in exhibiting EBP behaviours in daily practice. In addition, measuring nurses' and other T A B L E 2 Steps of the EBP implementation process ("the 5 A's" by Straus et al., 2011) Furthermore, the widespread confusion and misconceptions about the basic concepts of EBP, which recent systematic and integrative reviews have shown to still exist among large proportions of nurses and other healthcare professionals (Condon et al., 2016; Saunders & Vehviläinen-Julkunen, 2015; Scurlock-Evans et al., 2014; Upton et al., 2014) , should be addressed with evidence-based continuing education programmes delivered by Advanced Practice Nurses (APNs), other EBP mentors and EBP experts with advancedlevel EBP competencies. Using these EBP experts to deliver the continuing education is preferred based on the results of previous studies indicating that nurses and other healthcare professionals prefer human sources of information such as peers and colleagues over peer-reviewed written sources. Furthermore, several studies have shown that using EBP mentors to teach healthcare professionals how to integrate best evidence into their daily practice is an effective strategy to advance their EBP implementation at clinical practice settings (Dogherty, Harrison, Graham, Vandyk, & Keeping-Burke, 2013; Levin, Fineout-Overholt, Melnyk, Barnes, & Vetter, 2011; Saunders et al., 2016b; Spiva et al., 2017) . EBP mentors improve healthcare professionals' attitudes, knowledge and skills of EBP advance their EBP uptake, adoption and implementation and help them better negotiate the common barriers to EBP implementation, which in turn assist healthcare organizations in achieving higherquality care and improved patient outcomes at a lower cost.
| CONCLUSION
This discussion paper revealed that there are few validated instruments published in the international literature that more objectively measure the actual, i.e., performance-based EBP competencies of healthcare professionals and students, instead of evaluating the perceived EBP competencies of healthcare professionals via self-assessments. Although some performance-based measures have been modified from medicine for use in physical and occupational therapy, the first nursing research studies for their modification and use in nursing has only recently been completed, despite a growing evidence base showing poor accuracy of self-rated instruments in evaluating directly measurable constructs, such as evidence-based practice knowledge and skills. Therefore, a concerted effort is urgently needed to conduct well-designed, rigorous nursing research studies that focus on evaluating the existing, validated instruments assessing actual EBP competencies developed in other healthcare disciplines for possible modification, validation and use in nursing.
As EBP is a shared competency and the steps of EBP implementation are universal regardless of the country, culture of origin, or healthcare discipline of the clinician, EBP competencies should be evaluated with validated instruments assessing the EBP competencies of all clinicians across healthcare disciplines, i.e., interdisciplinary assessment tools that measure the universal EBP competencies of healthcare professionals from any healthcare discipline. In addition, new assessment tools more objectively measuring healthcare professionals' actual, performance-based EBP knowledge and skills, instead of continuing to measure perceived, self-rated EBP competencies, should be collaboratively developed and validated for use across T A B L E 3 Summary of key characteristics for selected validated EBP competency assessment tools evaluating performance-based EBP knowledge and/or skills of healthcare professionals healthcare disciplines. Finally, performance-based instruments that simultaneously assess several EBP competency domains required for completing the steps of the EBP implementation process should be developed and validated for use across healthcare disciplines.
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